I. INTRODUCTION
Recent observations of the new baryonic P c states [1] and the mesonic XY Z states [2] [3] [4] [5] by various collaborations have challenged the conventional wisdom that mesons are made of quark-antiquark pairs and baryons are composed of three (anti)quarks in the naive quark model. These findings have attracted a lot of attention from the theory side. Various explanations of these states have been proposed, such as molecules, mutiquark compact objects, kinematic effects, or mixtures of components of different nature. Up to now none of them has been accepted unanimously. This is not surprising, given limited experimental constrains and the fact the various components of a hadron are not observables themselves. Furthermore, it is quite likely that a specific reaction or decay process can only review part of the nature of the hadrons under investigation. Clearly, the only way to understand the nature of a hadron is to examine it from all possible ways, both experimentally and theoretically.
Nevertheless, it seems clear that Nature is richer than it is preferred to be. In this respect, it is not surprising to find out that many low-lying states, even those long believed to be conventional(or) states, may have large components of other nature. Indeed, it has been shown that many of the low-lying mesonic states can be understood not only asstates but also as mesonmeson molecules, dynamically generated in the so-called unitary approaches. One of such examples are the ten- * Electronic address: lisheng.geng@buaa.edu.cn sor states: f 2 (1270), f ′ 2 (1525), and K * 2 (1430). They are found dynamically generated from the vector mesonvector meson interactions [6] [7] [8] , obtained in the coupledchannel Bethe-Salpeter equations by unitarizing the treelevel hidden gauge diagrams [9] [10] [11] [12] .
The molecular nature of these tensor states has been extensively tested in a large number of processes, for instance, the two-photon decay of the f 2 (1270) [13] ; the two-photon and one photon-one vector decays of the f 2 (1270), f ′ 2 (1525) and K * 2 (1430) [14] ; the J/ψ → φ(ω)f 2 (1270), f ′ 2 (1525) and J/ψ → K * 0 (892)K * 0 2 (1430) decays [15] ; the radiative decay of J/ψ into f 2 (1270) and f ′ 2 (1525) [16] ; the ψ(2S) decays into ω(φ)f 2 (1270),
2 (1430) and the radiative decays of Υ(1S), Υ(2S), ψ(2S) into γf 2 (1270), γf ′ 2 (1525), γf 0 (1370), and γf 0 (1710) [17, 18] ; the ratio of the decay widths ofB [19] . The agreement with experimental data turns out to be quite good in general, providing support to the underlying assumption that these states contain large mesonmeson components.
In a recent work [20] , taking the molecular picture for the f 2 (1270) resonance, the γp → pf 2 (1270) reaction has been studied. It was found that the theoretical results of the differential cross sections are in agreement with the experimental data of Ref. [21] , providing first support for the molecular picture of the f 2 (1270) state in a baryonic reaction. In this work, we extend the formalism proposed in Ref. [20] to study the γp → f ′ 2 (1525)p and γp → K * 2 (1430)Λ(Σ) reactions. One should stress again that as the only way to unravel the nature of a hadron is via different reactions and decay processes, we deem such studies very timely and important.
The present article is organized as follows. In Sec. II, we introduce the formalism and the main ingredients of the model. In Sec. III, we present our main results, and a short summary and conclusions are given in Sec. IV.
II. FORMALISM AND INGREDIENTS

A. Feynman amplitudes
From the perspective that the f 
As can be seen from Figs. 1 and 2, the photon first gets converted into one vector meson, a characteristic of the local hidden gauge formalism, which then interacts with the other vector emitted by the proton. To evaluate the Feynman amplitudes, we need the coupling of the tensor meson to the respective vector mesons, g V V T , the γ-V coupling, and the V N N coupling. In the unitary approach, the amplitude close to a pole that represents a resonance can be written in the following way
where s R is the pole position and g
V V T
the coupling of the resonance to the V V component in isospin I = 0(1/2) and spin S = 2. The Eq. (1) is the representation of a resonance amplitude, for instance the f ′ 2 (1525) and K * 2 (1430) in the present case, as shown in Fig. 3 (a). The P (2) initial/final projects the initial and final V V pair into spin two. Then the coupling of a tensor resonance to V V is given by the diagram of Fig. 3 (b), and is expressed in terms of the following vertex [13] 
where the values for g
are shown in Table I , taken from Ref. [7] . 
The γ-V conversion vertex can be obtained from the local hidden gauge Lagrangians [9] [10] [11] [12] (see Ref. [22] for a practical set of rules) and one has [23] 
and
The other ingredient that we need is the vector-baryonbaryon vertex, which is given by the Lagrangian
From this, one can easily obtain the ρ 0 pp, ωpp, K * + pΛ, K * + pΣ 0 , and K * 0 pΣ + vertices,
There is one more subtlety to consider. The amplitude of Eq. (1) is evaluated for a V V state in the unitary normalization, which for I = 0 and I = 1/2 are given as follows (recall |ρ + >= −|1, +1 >),
|ρK
Considering the vertices described above, we obtain the weights W (Table II) . They account for the factor of Eq. (5), Eqs. (9-13), the components of the V V state in the good normalization and the couplings of the resonances to the V V channel. In the case of two identical particles the coupling is multiplied by an extra factor 
of √ 2 to restore the good normalization from the couplings calculated in Ref. [7] in the unitary approach as shown in Eqs. (14) (15) (16) (17) (18) (19) (20) .
Gauge invariance imposes a stringent constraint on photonuclear processes, although sometimes not all of the terms needed to have gauge invariance are numerically relevant [24, 25] . Nevertheless, in the present case, a thorough study of gauge invariance was conducted in Ref. [22] for the radiative decay of axial vector mesons within the local hidden gauge approach, and in particular in Ref. [13] for the amplitude ρρ → ργ, which is similar to what we have here, with the two vector mesons interacting to produce the tensor states. There it is concluded that gauge invariance is encoded in the effective coupling of the tensor states to the two vector mesons.
Considering the weights given above, the T matrix for the diagram of Fig. 1 is given by
with M and M ′ the third spin component of the initial and final proton. The V stands for the exchanged ρ 0 or ω. We take m V = m ρ = m ω = 780 MeV in the present calculation. Next, we perform the sum over the polarizations of the vector meson exchanged in Fig. 1 and then we obtain
Following the same procedure, we obtain the transition amplitudes for γp → K * 2 (1430)Λ(Σ):
where we take m K * = m K * + = m K * 0 = 893.1 MeV.
In Eqs. (22)- (25), the latin indices run over 1, 2, 3 and the µ index from 0, 1, 2, 3.
Then one can easily calculate¯ |T | 2 . Here we give explicitly the case of the γp → f ′ 2 (1525)p reaction, as an example,
where all the indices and the two photon polarizations should be summed over, with the following expressions of the latter,
where we have assumed that the photon travels in the Z direction.
B. Differential cross section
The differential cross section for γp → f 
with s the invariant mass squared of the γp system, and m
1 The k is the three momenta of the initial photon in the center of mass frame (c.m.), and t = q 2 = (p − p ′ ) 2 . The Eq. (28) can be generalized for the case when the f ′ 2 (1525) (K * 2 (1430)) is explicitly allowed to decay into KK (Kπ) by working out the three body phase space and we find
where M inv is the invariant mass distribution of the KK or Kπ, Γ R is the total decay width of the f or K *
decay accounts for 2/3 of the Kπ decay of the K * 2 (1430) which is 50% of Γ K * 2 (1430) . Since the f ′ 2 (1525) → KK and K * 2 (1430) → Kπ decays are in D-wave, in order to have Γ i and Γ R in the range of invariant masses that we consider, we take [26] , and
where λ is the Källen function with λ(x, y, z)
Similarly, for the K * 2 decay modes, we take 
(37)
III. NUMERICAL RESULTS
In Ref. [20] three models were considered, one is the one we exposed here, and the other two contained an additional tensor ρN N coupling and Regge propagators. The results obtained there were very similar and in this exploratory work we perform calculations only with one of the models as specified above.
In Fig. 4 we show In addition to the differential cross section, we calculate also the total cross section for the four reactions as a function of the photon beam energy E γ . The results are shown in Fig. 7 . The cross sections increase rapidly away from threshold and soon becomes almost constant at higher photon energies. We stress again that the reaction formalism advocated here involves no free parameters, which allow us to make predictions for total cross sections. The differential and total cross sections can be checked in future experiments, such as those at CLAS. In this sense, the reaction mechanism can be easily tested.
IV. CONCLUSIONS
In recent years, it has been found that the f With this simple picture we predict both the differential and total cross sections, which could be tested by future experiments, such as those at CLAS.
